Introduction
Some natural phenolic compounds, such as silym arin and (+)-catechin possess hepatoprotective activity and have been reported to prevent animal poisoning by several hepatotoxic substances [1] [2] [3] , C arbon tetrachloride (CC14) can be considered as a model molecule for alkylating agents that are converted to radical species able to initiate lipid peroxidation. Liver necrosis induced by CC14 is de pending on m etabolic activation by the NAD PHcytochrom e P-450 system o f the liver endoplasmic reticulum, with form ation o f the trichloromethyl (CC13 ) and trichlorom ethylperoxyl (CC130 2) radi cals. The latter initiates lipid peroxidation while the CC13' radical is involved in covalent binding to com ponents o f the m em brane [4] .
Studies in isolated rat hepatocytes have made it apparent that CC14 toxicity is not related to mem brane solubilization, but to metabolic generation of free radicals [5] and have led to the development of a widely used in vitro model for the screening of potential hepatoprotective agents.
In this w ork we have studied the influence o f a series o f phenolic com pounds, flavonoids and phenolic acids, on CCl4-induced toxicity in isolat ed rat hepatocytes, in order to establish their possi ble hepatoprotective properties. 
Results
Since the determ ination o f transaminase activity in the serum is widely adopted in the assessment of liver injury, CC14 toxicity was evaluated by means of the alanine am ino transferase (ALT) activity present in the incubation medium after 90 min. In isolated rat hepatocytes CC14 challenge caused a concentration-dependent cell damage as it was ob served by trypan blue staining and increase in ALT leakage. In our experimental conditions we obtained a significant increase in ALT activity in cells treated with 10 m M CC14 (23.96 ± 1.24 U l/g wet cells, mean ± S.E., n = 12) com pared with ref erence preparations (8.51 ± 0.58 U l/g wet cells, mean ± S.E., n = 14; p < 0.01). This toxicity was also confirmed by the trypan blue exclusion test as alm ost 100% o f the hepatocytes treated with 10 m M CC14 appeared stained (% cell viability = 0.46 ± 0.2, n = 8), while in reference preparations % cell viability was 71.9 ± 1.4 (n = 8) after 90 min incubation time.
C om pounds were added to cell suspensions at the initial screening concentration o f 2 m M . Only those which afforded a protection of at least 50% were tested at a range of concentrations (0.75-2 m M ) to calculate the effective concentration 50% (EC50).
The degree o f leakage in ALT activity, generally considered to be a reliable param eter to reflect the extent of CC14 toxicity was significantly decreased in cells treated with a num ber of flavones (7,8-di- hydroxyflavone, luteolin and hypolaetin-8-glucoside), flavonols (morin, quercetin, robinetin and gossypin), phenolic acids (gallic, caffeic and chlorogenic acids) and the flavane (+)-catechin. Table I shows percentages of protection at 2 m M , EC50 and structures o f the flavonoids tested. The most potent com pounds were the flavone 7,8-dihydroxyflavone and the flavonols robinetin, gos sypin and morin, which were more effective than the standard com pound ( + )-catechin (Table II) . Table II The results obtained for benzoic acid derivatives can be observed in Table III and those for cinnam  ic acid derivatives in Table IV . Gallic, caffeic and chlorogenic acids caused a dose-related protection o f hepatic injury as judged by the decrease in ALT activity in comparison to respective controls, whereas the results in the presence o f ellagic and sinapic acids were not significant.
As indicated in Table V , robinetin and gallic acid at 2 m M inhibited spontaneous release o f ALT activity, as observed in reference groups, thus sug gesting that their high protective effect against CC14 toxicity was due, at least in part, to a direct action on enzyme release. Quercetin and gossypin caused a significant inhibition of spontaneous release but to a lesser extent.
Discussion
With the limitations derived from in vitro experi ments, inhibition of CC14 toxicity is an assay m eth od suitable for screening of antihepatotoxic com pounds [6, 7] . From our results, some conclusions can be drawn on the structure/activity relation ships for the two groups of natural phenolic com- pounds studied, flavonoids and phenolic acids. Catechol groups are determ inant for the protective activity of flavonoids, especially at C-7, C-8, as well as the resorcinol or pyrogallol groups in the B ring. We have also observed that flavonols are more active than their corresponding flavones, as deduced from the pairs quercetin-luteolin and gossypin-hypolaetin-8-glucoside, indicating the con tribution o f the free hydroxyl at C-3 in com pounds possessing a free catechol group. In phenolic acids the presence of a catechol group is determ inant for activity in the case o f cin namic acid derivatives (caffeic and chlorogenic acids), whereas in benzoic acid derivatives a pyrogallol group is required (gallic acid). The form a tion of a lactone (ellagic acid) or the blockade of active catechol (ferulic acid) or pyrogallol (syringic acid) groups by methylation abolish the protective activity. It is noteworthy that inhibition o f ALT spontaneous release occurs in compounds contain ing a pyrogallol moiety (robinetin and gallic acid).
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F o r com parative purposes, we have included in our experiments the flavonoids luteolin and quer cetin, previously reported as protective agents against CCl4-induced cytotoxicity [5, 8, 9] , which have shown a significant activity.
In the group of phenolic acids, our results con firm the activity of caffeic acid [10, 11] , never theless in our study chlorogenic acid has exerted protective effects, while it has been reported as in active [11] . This discrepancy can be due to differ ences in the experimental conditions. In this re spect, it is interesting to note that chlorogenic acid significantly decreases transaminase levels in rats fed peroxidized oil [12] .
The present work demonstrates for the first time the protective effects of phenolic com pounds like 7,8-dihydroxyflavone, hypolaetin-8-glucoside, morin, robinetin, gossypin and gallic acid. The precise mechanisms underlying their activity remain to be established.
Inhibition of CCl4-induced cytotoxicity may re sult from drug inhibition of metabolic activation of the toxicant. Thus, the interaction of some fla vonoids with the cytochrome P-450 has been re ported [13] . On the other hand, protective effects could be a consequence of the ability to remove reactive free radicals and possibly to prevent lipoperoxidative events, since lipid peroxidation is the key obligatory consequence in CCl4-induced toxicity, a conclusion which is supported by the observation that antioxidants reduce CC14 liver injury [14] .
It is worth noting that in the flavonoid group, the structure/activity relationship we have found for cell protection is quite similar to that reported for inhibition o f lipid peroxidation and thus we have previously dem onstrated the antioxidant properties of several com pounds which have shown a significant inhibition of CCl4-induced toxicity [15, 16] . F or phenolic acids there is no clear correlation with their reported antioxidant properties [17, 18] .
Previous work [5] focused attention on the hydrophilicity of protective flavonoids. Thus active com pounds may stabilize the hepatocyte mem brane by binding to it at the water/membrane interface. The question as to whether polarity can determine hepatoprotective activity remains con troversial. In our experiments a lack of activity for methoxylated com pounds, flavonoids and phenol ic acids has been observed. However, cell protec tion is not dependent on the num ber of free hy droxyl groups present in the molecule, but on their position. In this respect, the activity of 7,8-dihydroxyflavone can be an example.
The relevance of the hepatoprotective effects shown by flavonoids and phenolic acids, in rela tion to in vivo situations, as well as their possible mechanisms of action will be established by fur ther studies now in progress.
M aterials and Methods
Some flavonoids were isolated from plants: hypolaetin-8-glucoside from Sideritis leucantha and gardenin D from Sideritis mugronensis Borja (Lamiaceae) following known procedures [16] ; gossypin from Hibiscus vitifolius L. (Malvaceae) was a kind gift (Prof. A. G. R. Nair, Pondicherry University, India). Other com pounds were pur chased from Sigma Chemical and Roth. All chemi cals used were of analytical grade.
Isolation o f hepatocytes
M ale W istar rats (250-300 g), starved over night, were used. Liver cells were isolated by a m odification of the collagenase perfusion method o f Seglen [19] . After cannulation of the superior Vena cava in an anaesthesized animal (sodium pentobarbital 60 mg/kg i.p.), perfusion was started with C a2+-free Krebs medium containing 1 m M EG TA (pH 7.4), aerated with 95% 0 2/5% C 0 2 and m aintained at 37 °C. After 10 min perfusion was carried out with a Ca2+-containing Krebs so lution supplemented with collagenase (0.4 mg/ml), which recirculated for 10-12 min till complete dis persion o f the liver cells. The liver was then trans ferred into a beaker containing Ca2+-free Krebs solution and dispersed with two forceps. The cell suspension was filtered and centrifuged at 50 g for 90 sg and the pellet was gently resuspended in an adequate volume of medium to give 8 x 106 cells/ ml. Viability of the cells was determined by trypan blue exclusion (85% or higher).
C ytotoxicity induced by CCl4
Incubations were performed under 95% 0 2/5% C 0 2 with shaking (80 cycles/min) in the presence of 10 m M CC14 (dissolved in ethanol, final concen tration 2% ) for 90 min at 37 °C. Com pounds were dissolved in DM SO (final concentration 2.4%) and added 10 min prior to toxic challenge. Solvent was also included in control and reference groups (without CCI4). Samples in each group were tested in quadruplicate.
Cell toxicity was evaluated by measuring the alanine am inotransferase (ALT) activity released into the medium using the m ethod of Karm en [20] . In this standard and reproducible assay, pyruvate formed from alanine and 2-oxoglutarate by ALT is immediately converted to lactate by lactate dehydrogenase with N A D H oxidation, which is followed spectrophotom etrically by the lost of absorbance at 340 nm. Statistical analysis was per formed using D unnett t-test. Percentage of protec tion was calculated as follows [21] :
. A L T control -ALT sample , -_ % Protection = -r --------: ---=--x 100 A LT control -ALT reference Effective concentration 50% (EC50) was deter mined from % protection/log concentration re gression lines.
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